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摘  要 
       随着可持续技术的快速发展，在建筑设计中对有效的可持续设计策略需要，导致
对相关领域研究的需要也日益突出。国际太阳能十项全能竞赛就是在设计和建造可持
续太阳能住宅的背景下开展起来的。本文研究了在太阳能十项全能比赛中的各个参赛
作品将热缓冲空间作为一种技术策略的使用情况。通过对热缓冲空间的热环境、风环
境和光环境进行研究，分析其在能耗和功能方面的作用。作者根据相应的热缓冲空间
所做的研究工作如下： 
       对热缓冲空间进行分类：选择了 21 个使用了热缓冲空间的太阳能十项全能竞赛的
作品，通过对热缓冲空间的几何形态、围合情况以及空间位置，将所选的 21 个参赛作
品划分为 5 种不同的热缓冲空间类型。热环境研究：对相应的热环境设计策略的基本
原理进行了研究和阐述，并对其在相应的参赛作品中的应用情况进行定量的研究分
析，以确定其用途对一般住宅中的热缓冲空间的作用。风环境研究：研究了热缓冲空
间的通风问题。笔者根据相关通风策略的基本原理对部分案例的风环境进行了风环境
模拟，分析和验证相关策略在热缓冲空间中使用的有效性。光环境研究：通过模拟获
得相应参赛作品中的光环境指标，如采光系数、有效光照度和全自然采光比，分析其
光环境的情况，从而评价相应类型的热缓冲空间在光环境方面的影响。 
       通过对上述问题的讨论，能够更加科学的认识到热缓冲空间在建筑节能中所起到
的作用，从而明确其在各个住宅中使用意图。我们仍然需要对热缓冲空间做更进一步
测试和评估工作，从而为设计和建造零能耗建筑搭建一个标准化的平台。 
关键词：热缓冲空间;光环境;热性能;国际太阳能十项全能竞赛;设计策略
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ABSTRACT 
 
 With the rapid advancements in sustainable developments in architecture, the need for 
research on efficient design strategies has become increasingly prominent. This has given 
way to competitions such as the solar decathlon competition which aims at allowing 
academics to design and create sustainable houses that capitalize on the use of solar energy. 
         The research in this paper is based on various passive strategies used in the SD houses 
by incorporating thermal buffer spaces in their house designs to achieve structural, aesthetic 
and energy optimization by examining 3 main aspects of thermal buffer spaces used in the 
solar decathlon houses. These include thermal aspects, ventilation aspects and day lighting 
aspects of the thermal buffer space. The author categorizes the thermal buffer spaces used 
accordingly. The main research works were as follows:  
            Types of thermal buffer spaces: 21 solar decathlon houses were identified as using 
thermal buffer spaces in their design. There after 5 thermal buffer space types were 
determined by identifying and examining their respective geometry and characteristics and in 
turn, analysis of 5 selected houses from the above mentioned 21 houses was carried out. 
            Thermal aspects: The thermal aspects of each of the thermal buffer space types were 
researched. The examining and stating of the fundamentals of thermal strategies was carried 
out .Thereafter, establishing of which of these fundamentals were applied in the respective 
houses was carried out in order to identify the uses and their influence on the thermal buffer 
spaces and houses in general. 
            Ventilation aspects: The ventilation aspects of the thermal buffer space were 
researched. By examining the fundamentals of ventilation strategies the author thereafter 
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established which of these fundamentals were used in the respective thermal buffer spaces. 
CFD analysis was run on each of the thermal buffer spaces to determine their effectiveness 
on the respective houses in order to understand the ventilation aspects clearly. 
            Day lighting aspects: The day lighting aspects of the thermal buffer space were 
researched. By examining the fundamentals of ventilation strategies the author thereafter 
established which of these fundamentals were used in the respective thermal buffer spaces. A 
combined analysis of the daylight factor, daylight autonomy and useful day light illuminance 
was carried out to determine their effectiveness of day lighting on the respective houses in 
order to understand the day lighting aspects clearly. 
A discussion of the aforementioned aspects, their properties and analysis established a 
better understanding of why the use of thermal buffer spaces in the solar decathlon house 
design is increasing. Further work will be needed to test and evaluate the thermal buffer 
spaces so as to create a standardized platform for future house designs. 
 
Keywords: Thermal buffer space; Day lighting; Thermal performance; Solar decathlon; 
Design strategy; 
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LIST OF ACRONYMS 
 
TBS – Thermal Buffer Space 
SD – Solar Decathlon  
CFD - Computational Fluid Dynamics 
DF –Day light Factor 
DA – Day light Autonomy 
UDI- European Union 
ZEB – Zero Energy Building 
ERV – Energy Recovery Ventilation 
HVAC - Heating, ventilation and air conditioning 
ASHRAE- American Society of Heating, Refrigerating and Air conditioning Engineers 
HRV - Energy Recovery Ventilation 
US - United States of America 
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Chapter I- INTRODUCTION 
  
A house was viewed by our ancestors as a fire that shielded them from external 
dangers but now we see that it is more than a just a structure that shields people from wind 
and rain, in that it has the ability to naturally transition into a home over time through use and 
occupation. Nowadays a modern house consists of spaces that provide the much needed 
functions for its occupant’s daily activities. These spaces may vary in size and arrangement 
but are essentially they are the same and hold similar properties at their core. Normally a 
house can be divided into 4 zones i.e. 
•The public zone-composed of spaces where non-family members are allowed. 
•The work zone-composed of areas with work activities that support the lifestyle of 
the household. 
•The private zone-composed of rooms used exclusively by household members for 
private activities.  
•The transition zone-composed of buffer spaces that link the other zones with 
circulatory paths and at times link the interior to the exterior of the household. 
The public zones include areas such as the living room, the dining room and in larger 
houses may also include powder rooms. The work zone includes the kitchen, laundry, and 
study where food is prepared, clothing cared for and home office duties carried out, 
respectively.  The private work zone includes bathrooms and bedrooms while transition 
spaces are comprised of areas such as foyers, corridors and circulatory spaces. 
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1- Background 
1-1 History of sustainable housing 
 
Numerous academics have provided us with ways in which to design and build houses 
to suit occupants desired levels of comfort and satisfaction in their literature for they do this 
by taking scientific approach the houses and environmental conditions. These solutions and 
conceptual principles are now being brought to reality through advancements in technology 
to develop environmentally adaptive housing.  
These environmentally adaptive houses (also known as sustainable houses, eco 
friendly houses or eco houses) are houses that can partially or fully use renewable energy to 
power the home. The history of environmentally adaptive housing can be traced back to the 
traced back to the industrial revolutionary when solar energy was first transformed to electric 
power which was first known as photovoltaic power. The turn of the 20th century saw the 
construction of many solar power plants and this trend combined 1950 even though it was 
only in small scale but this paved a way for the solar panel solution to come in the 1970s. 
One of the results of the energy crisis in the 70's was a jump for sustainable 
architecture from theoretical stages to actual practice. Designers and builders of all sorts set 
out to reduce the reliance on fossil fuels in buildings. Hence they turned to solar panels and 
incorporated them into building design to create more environmentally friendly buildings and 
homes. Although this was a great step forward, it only happened in small numbers due to the 
high pricing, advances have been made and now pricing is both less expensive and more 
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effective. This period paved way for much doubt and in the solar panels and their 
sustainability thus nowadays sustainable design incorporates more strategies than solar panels. 
Through the years Eco construction has boomed and the demand for eco-friendly 
housing has increased. In addition to solar panels many homes now are built to take 
advantage of wind turbines, efficient lighting, water conservation and management, recycling, 
building techniques and many more eco-friendly technological innovations.  
Modern sustainable houses are found in many types and forms, for their design 
depends on the occupants’ budget and personal preferences. However despite there being 
many types of sustainable houses and a variety of construction methods, to achieve this 
sustainability the main aim of sustainable housing is reduce carbon emissions by using 
natural materials that are available from the location, natural products and constructing a 
house that will produce most (or all) of the power required by the occupants. They do 
however have many features in common, some of which include:  
1) Passive solar orientation, this is where the house achieves optimum efficiency 
through gaining free light and heat due to its specific orientation. For example, (for a 
house in the northern hemisphere) placing of larger amounts of glazing facing the 
south and a smaller amount to the north elevation (and vice-versa for a house in the 
southern hemisphere) would optimize its efficiency.  
2) Higher levels of insulation than in conventional houses, which act as a barrier for 
heat flow. This keeps a significant amount of heat from escaping. The house is warm 
in winter and cool in summer thus providing comfort and cutting down on the cost of 
power bills (both heating and cooling).  
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3) The use of natural materials, which are sourced locally and can be recycled or 
reused. Grey water collection, which is waste water (collected from sinks and bath) 
that can be diverted to the garden or used in a grey water treatment system. Solar 
thermal hot water heating system and photovoltaic panels, these are generally placed 
on the roof for generating hot water and electricity, respectively. Large amounts of 
glazing, which allow enough sunlight into the house to reduce reliance on artificial 
lighting as glazing has a major impact on energy efficiency. Many of the techniques 
mentioned above can be combined to suit the requirements of the occupants. 
Examples of modern eco constructions nowadays include  
            Passive solar house in this form of houses that relies as heating and cooling of fresh 
air was therefore creating comfortable indoor thermal conditions minus the use of 
recirculation of air.
1
 In addition to appropriate maximization of natural light heat and 
ventilation techniques, the house reduces much of its energy costs.  
            Earth sheltered homes are built in part underground or fully enclosed by the earth. 
Energy loads are reduced though it's adequate insulation and this controlling of indoor 
conditions.   
           Insulated concrete form homes, this houses function form functions by placing 
concrete into preassembled polystyrene molds thus creating good insulations. This method is 
useful in reducing construction time. 
           Zero carbon/energy houses are a form of sustainability houses that have variant 
definitions according to literature. In simplified terms they are houses that generate 
equivalent amounts of energy on site to the energy to the energy it uses on an annual basis.
2
 
Therefore consuming minimal amounts of energy on a daily basis. It requires a very low 
amount of energy to provide the daily needs and functions for the family occupying the home. 
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In ZEB design the use of passive solar heat and shading is a norm, this is achieved by uniting 
it with thermal mass so as to stabilize diurnal temperature differences (with the help of 
optimized insulation) throughout the day.  
And so this paper will explore the use of thermal buffer spaces as a passive design 
strategy and its interrelation with technologies, systems and off site renewable energy in 
optimizing ZEBs. The future of sustainable design does not only lie in the hands of architects 
and engineers but also in the hands of researcher, scholars and students. Various platforms 
have been set in recent years for scholars to excel in bringing these conceptual sustainable 
designs and ideas to reality. This can be seen in programs such as the solar decathlon that 
induces academics of all types in designing, constructing and operating solar reliant homes 
for sustainable and aesthetic reasons. 
A significant amount of research has been done on buffer spaces and ZEBs in general 
over the past decade therefore this paper will investigate the use of thermal buffer spaces in 
the solar decathlon competition and how to establish characteristics that are possessed by the 
thermal buffer space and how these characteristics are used together with sustainable 
strategies to achieve optimized performance, for there is little to no research on this matter. 
My motives and beliefs are that use of thermal buffer spaces in the solar decathlon is 
further researched so as to enhance developments in sustainable houses by establishing their 
uses, what current design standards stipulate, which exist, and primarily concern transitorily 
(buffer spaces) occupied spaces within the solar decathlon houses, optimize the houses 
overall functionality through internal and external factors such as and thermal stability, 
ventilation and day lighting. 
The introductory chapter explores the basis of the study; states the research purpose 
and establishes relevant questions and objections of this research identifies data collection 
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and analysis; establish future uses of research.  The introductory chapter is comprised of 
primary parts. And also states that overview structure of the study. 
 
1-2 History of the Solar Decathlon competition 
 
  The Solar Decathlon is an award-winning program that challenges collegiate teams to 
design, build, and operate solar-powered houses that are cost-effective, energy-efficient, and 
attractive. The winner of the competition is the team that best blends affordability, consumer 
appeal, and design excellence with optimal energy production and maximum efficiency. The 
competition breaks down to ten sub-contests and includes evaluation criteria related to 
• Architecture 
• Engineering 
• Market appeal 
• Communications 
• Comfort zone 
• Solar applications 
• Hot water, appliances 
• Home entertainment 
• Energy balance3 
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